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Abstract. Present paper examines the dependency of ambient parameters 
such as humidity, and turbulence to determine the conditions on raindrop 
formation with the help of a self-designed cloud chamber. The research 
methods are experimental and observational in nature, where atmospheric 
phenomena are recreated through the usage of appropriate substitutes. 
Miniature droplets were created inside a box-like setup through the use of 
dry ice to cool the water vapor rising up, so as to create suspended water 
droplets, and to induce precipitation of heavier droplets. The experiment 
resulted in the creation of precipitated droplets, which were found at the base 
of the chamber at 99-100% relative humidity. The suspended droplets were 
used to study factors such as luminosity and variation of droplet sizes with 
turbulence. It was found that up to 14.4 m/s of turbulence, the droplet sizes 
increase with an increase in turbulence, with the luminosity decreasing with 
increase in turbulence. The gaussian profile of droplet size distribution has 
also been obtained, with a standard deviation of 2.83, 3.01 and 3.18 for low, 
medium and high turbulence speeds respectively. The experiment can be 
extended to incorporate a higher number of variables, so as to include a 
wider range of atmospheric phenomena.  Keywords. Cloud chamber, 
Droplet measurement, Turbulence, Luminosity, Droplet distribution 
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1 Introduction 
Clouds are essential in the earth-atmosphere system as they regulate earth’s radiation budget 
by reflecting as well as by scattering the solar radiation and they also absorb infrared radiation 
of the Earth. They are required for precipitation to occur and hence are essential part in the 
  
hydrological cycle. For cloud to form, they require hygroscopic nuclei for condensation 
through water vapor, which then triggers drop formation process in the atmosphere. Due to 
mixing of different types of aerosols, the cloud formation processes vary as aerosol act as a 
seed to the cloud. Reflection of solar radiation by the cloud depends upon the amount of 
liquid water and concentration of liquid water droplets present in the cloud. Other indirect 
processes involve cloud cover in UV scattering and the role of gases such as sulphur oxide 
and nitrogen oxide in light absorption and attenuation was elaborated upon by Spinhirne and 
Green in their 1978 publication [1]. Using satellite observations, the overall role of clouds in 
radiative fluxes at the top of the atmosphere, at the surface, and at levels within the 
atmosphere and climate was explained in a comprehensive report by Bruce A Wielicki in 
1995 [2]. Characteristics of the cloud are highly dependent on various parameters such as 
types of aerosol, mixing of different types of aerosol, humidity level, concentration of cloud 
condensation nuclei, size-concentration of cloud droplets and cloud turbulence. Cloud 
formation is a huge complex process and are highly dependent on seasons. It is quite 
important to understand the stability of all these processes to avoid climatic catastrophes.  
Study of these processes can be done using satellite data, model simulation and in-situ 
measurements. Among them, satellite data gets restrict with temporal resolution and ground-
based data limits with spatial resolution. To avoid such circumstances, model simulation 
study plays a significant role as all these processes are space and time dependent. Thus, the 
present study focuses on studying these processes using a self- designed cloud chamber, 
which helps to simulate various realistic scenarios. The cloud chamber may give better 
results, which may improve our understanding about cloud and rain formation. Thus, the 
study of cloud formation processes in the cloud chamber under given conditions may play a 
significant role to understand cloud properties in the atmosphere. 
The study of cloud formation starts with the first cloud chamber which was originally 
designed by C.T.R Wilson in 1911 [3] to observe and photograph particle tracks, their 
potential in the field of cloud physics was undeniable. Further the study on understanding the 
nucleation of gaseous molecules was demonstrated by Katz (1970) [4]. Later on, study of 
scattering and reflection properties of hollow ice particles in Manchester Ice Cloud Chamber 
was carried out by Helen Smith et al. [5]. With time, researchers have reported the turbulent 
exchange of flow in the cloud chamber which was observed by Cholemari and Arakari (2005) 
[6]. Due to turbulence, cloud and precipitation processes, earth’s radiation budget also varies 
which in turn would affect the temperature of the Earth [7]. From the study by 
intergovernmental panel on climate change (IPCC) in 2013 [8], the role of clouds in radiation 
budget of the Earth is variable. In these variations, water droplets play the central role in albedo 
phenomena due to clouds.  Experimental data from (European Cloud and Radiation 
Experiment) EUCREX [9] reported that size distribution of water droplets also have 
their impact on cloud albedo. Like precipitation, albedo also depends on the physical as 
well as chemical processes of aerosol which were studied by Chang et al. in 2017 [10].  
The cloud chambers used to simulate atmospheric processes have evolved through the 
years. The transition of the cloud chamber from a detector of particle tracks to a simulator of 
atmospheric processes started with the expansion cloud chamber [11]. Subsequently, a 
variety of chambers like aerosol with a continuous flow system ([12], [13]) , turbulence-
based  chambers ([14]) and wind tunnels ([15]) were invented through modifications in the 
expansion chamber. The main purpose of these cloud chambers was to study various cloud 
properties using high calibration instruments for measuring atmospheric parameters such as 
effect of turbulence, presence of aerosols in the chamber, and other essential processes such 
as cloud formation and precipitation. 
  
A new way of precipitation through He-Ne laser has been used for condensation of 
water droplets in the cloud chamber and is further opted for the present study 
Rohwettter et al. (2010) [16], and Petit et al. (2011) [17]. Both ideas are based on 
temperature gradient inside the chamber. This method differs from silver iodide cloud 
seeding technique in the atmosphere B. J. Mason in 1975 [18]. Such cloud chambers have 
capability to generate physical simulations of the numerous phenomena exist in the atmosphere. 
By varying the factors such as humidity, light attenuation through aerosol concentration and 
temperature of the region might affect the formation of clouds, which in turn lead to affect 
weather as well as climate pa t te rns  of the region. Such cloud chambers have been 
instrumental in weather prediction and analysis numerous times, and have been used time 
and again to simulate conditions physically, so as to obtain a better idea about the 
concomitant results as opposed to computer simulations. It remained to be seen, however, if 
the processes could be created on a smaller scale, and if it could display phenomena similar 
to that of the larger cloud chamber. There have also been attempts by several agencies ([12-
15], [19], [20]) to map such atmospheric processes. Therefore, in an attempt to simulate these 
atmospheric processes in a different manner, a cloud chamber was designed for the explicit 
purpose of recreating these processes and recording observations based on the processes 
incorporated into the cloud chamber. 
The aim of the experiment is to observe the changes in temperature with the height, and 
to describe the droplet formation and distribution with changes in the height and turbulence. 
The experiment also aims to measure the attenuation of light with changes in turbulence. As 
the turbulence increases, the change in the intensity of the light should decrease due to higher 
droplet separation. A sufficient number of droplets should yield a gaussian distribution, with 
droplets of certain diameters being more prominent in number than the other droplets. This 
has been elaborated upon in the subsequent sections. The results from the experiment satisfy 
the aforementioned hypotheses. 
 
2 Experimental Setup  
The study of this paper is focused on the formation of small cloud droplets inside the chamber 
of size 0.55 m X 0.6 m X 1 m, and studying properties with its help. The chamber is made 
up of acrylic sheets with a thickness of 5 mm. In most of the cold clouds, the nucleation 
process begins at temperatures below -40 °C inside low-level clouds. However, the process 
here carries out the cloud formation procedures with a minimum temperature of -8 °C, which 
is commonly found in mid-level clouds like the alto cumulus and alto status cloud types. 
These types of clouds contain ice particles and water droplets. The temperature to -8 °C was 
achieved with the help of dry ice and a fan built inside a separate cooling box. Here, the fan 
is used to introduce varying levels of turbulence inside the chamber to simulate mid-level 
clouds to an acceptable accuracy. The fan has three control values to regulate its speed. 
Usually, the upper part of the cloud is at a relatively higher temperature compared to the 
lower part, so the cooling system is arranged at the base of the chamber. 
  The water vapor is introduced into the chamber at a height of 0.8 m from base. The water 
vapor is injected through a plastic pipe with an airtight valve from the boiler. The boiler in 
question heats up the water at around 70 °C to generate the vapor. A hygrometer with a 
resolution 0.1 °C and range -40 °C to 100 °C was used for measuring the temperature with 
humidity. The hygrometer measured the variables from top to bottom of the chamber. 
Varying the height and fan speed allows the study of droplet formation at different levels of 
humidity and turbulence. Also, to measure luminosity of laser light with wavelength of 632.8 
nm, a Lux meter has been used. The droplet sizes were captured and analysed using a DSLR 
  
camera of a resolution of 5184 X 3456 or 18 megapixels. The primary objective was to obtain 
clouds or miniature sized droplets using the schematic design given in Fig. 1. 
 
3 Procedure 
For setup of experiment, the cooler box was firstly adjusted and enclosed within chamber. 
The pipe inlet was joined with boiler and hygrometer was passed through middle of the 
chamber. Oil was applied on one side of the chamber to avoid fogging, and to observer clear 
distinction in the droplets that accumulated on the surface. The stages of the experiment are 
elaborated as given below. 
The first stage of the experiment consists of introducing water vapour inside the cloud 
chamber. This was achieved by passing steam through a pipe. The water vapour acts as a 
substitute for the suspended moisture in the atmosphere. The temperature and humidity when 
it entered the chamber were measured using a hygrometer. 
The second stage involved the introduction of turbulence inside the cloud chamber. A 
fan inserted inside the chamber was used to achieve the same, with three different speeds to 
gauge the turbulence. This led to the droplets colliding with each other, and in turn, 
undergoing coagulation through collision.  
The third stage involved the cooling of the cloud chamber. Dry ice was used to 
introduce temperature gradients of appreciable magnitudes inside the chamber. This led to 
the cooldown of the suspended droplets, which in turn would lead to precipitation.  
The fourth stage was the observational stage. A laser was shone through a cavity in the 
cloud chamber, and the luminosity was measured on the opposite side. This led to the 
discovery of possible light attenuation. For the experiment, we have used light of 632.8nm, 
incident from a Helium-Neon laser. The droplets resultant due to the precipitation were 
photographed for further analysis, and the post precipitation humidity was measured. 
The experiment was conducted for three different cases, each involving a different 
turbulence speed. In the first part, the fan was configured to have a relatively low speed of 
2.80 m/s. In the first part, water vapor from the externally positioned boiler was passed 
through a pipe and injected into the cloud chamber from the top. As mentioned before, the 
Fig. 1. A schematic of the self-designed cloud chamber. 
  
temperature of the water vapor was set to 70 °C. Because of the dry ice at the bottom, the 
vapor condensed and small droplets were found to have accumulated at the bottom of the 
chamber. For the sake of accuracy, instead of measuring the relatively mercurial droplet 
behaviour inside the chamber, the camera was used to photograph droplet accumulation on 
the surface of the chamber.  Humidity and temperature were measured through the 
hygrometer with variation of height inside the chamber. The luminosity was measured using 
a lux meter, with the source of light being a Helium-Neon laser of a wavelength of 632.8 nm. 
The second and third parts of the experiment involved similar procedures, but with turbulence 
speeds of 7.20 m/s and 14.40 m/s, respectively. 
.  
4 Observations and Results 
Through the experiments conducted, the observations of humidity, temperature, lux intensity 
of laser light, and droplet sizes were measured with various instruments and software. These 
results were analysed with different turbulent environment and heights. The droplet size 
distribution, temperature gradient was plotted from the analysis. The readings were taken 
after cooling the chamber for a time of 7 minutes (measured using a stopwatch), wherein the 
temperature inside the chamber would stabilize, making the chamber suitable for 
measurement and analysis. Using a digital thermometer, it was determined that the initial 
temperature was 18 °C. Next, with the help of dry ice and the fan, a minimum temperature 
of -7 °C was achieved within 9.5 minutes. The system was allowed to stabilize for seven 
minutes after that, following which the bottom of the chamber was at a temperature of -6 °C. 
The variations were observed that while the temperature did not vary significantly with 
different fan speeds, it did change noticeably with height. Also, the initial humidity of the 
chamber was 50 % and it rose to 99 % (as measured using a digital hygrometer) at the outlet 
of water vapor after 7 min. Owing to the instrumental limitations of the hygrometer, the 
humidity could not be measured beyond 99% [21]. Therefore, it is assumed that the relative 
humidity crosses 100% at the time of precipitation [21]. The results of each step were 
measured after 4 minutes of stabilization time, and were tabulated as shown. 
 The first three table take into account the changes in relative humidity inside the cloud 
chamber due to the injection of water vapor along with variation in low, medium and high 
fan speeds. Table 1, for example, holds the data recorded for the temperature and relative 
humidity at a turbulence speed of 2.8m/s while Tables 2 and 3 display data for the same 
quantities (albeit with turbulence speeds of 7.2 m/s and 14.4 m/s respectively). 
 
 
 
 
Height (cm) Temperature (°C) Relative humidity (%) 
0 -6.15 96 
20 -0.15 97 
40 8.35 99 
60 16.40 99 
80 23.00 99 
Table 1. Variation of temperature and humidity with height at a turbulence of 2.8 m/s 
  
 
  
 
 
 
It was noticed that the variation in humidity is nearly zero after 0 cm, owing to the fact 
that the relative humidity inside a cloud must be 100%. It is important to note that the device 
used to measure the humidity had an upper limit of 99%, which means that the humidity may 
have been well over 100%. This can be researched further in similarly constructed cloud 
chambers. Fig. 2, as obtained from a measurement using digital thermometer, graphically 
demonstrates a relationship between the height and temperature in low, medium and high 
turbulence speeds. It is interesting to note that the relationship was found to be nearly linear 
in all three cases. At the high turbulence, gradient of temperature from top to bottom is 
decreased. The changes in luminosity with an increase in turbulence speeds were observed, 
as shown in Table 4, using a lux meter. It can be seen that the scattering is highest at low 
turbulences. These results of light attenuation are matched with the reference data [22]. 
 
 
 
 
Height (cm) Temperature (°C) Relative humidity (%) 
0 -6.15 96 
20 -0.8 97 
40 7.50 99 
60 15.3 99 
80 22.2 99 
Height (cm) Temperature (°C) Relative humidity (%) 
0 -6.15 95 
20 -1.20 98 
40 7.00 99 
60 14.80 99 
80 20.85 99 
Table 2. Variation of temperature and humidity with height at a turbulence of 7.2 m/s 
 
Fig. 2. Graphical representation of the variation of temperature with change in height in low, 
medium and high turbulence speeds. 
Table 3. Variation of temperature and humidity with height at a turbulence of 14.4 m/s 
 
 
Temperature (C) 
  
 
 
It is important to know how the sizes of the droplets vary with turbulence, so as to 
determine a possible relationship, and in the process, develop a better understanding of how 
clouds form.  The distribution of droplet inside the chamber is very important factor. The 
distribution for all three cases were got using DSLR camera and software, by analysing the 
size of one droplet in the picture, and using the obtained length to count other droplets in the 
obtained distribution. The droplet diameters for all three cases were counted using a software 
called ‘ImageJ’ [23], [24], and the distribution was obtained using data points in Microsoft 
Excel [25]. 
Fig. 3 displays the variation in droplet sizes with fan turbulence. It can be observed that 
the droplets that formed at the highest fan speeds had the highest average size, at a diameter 
of 4-4.243 mm, while the droplets that formed at low fan speeds, that is, at lower turbulence, 
had a relatively lower average size, at approximately 3.162-3.464 mm. In the Fig. 3, the 
results are drawn between frequency and droplet size in mm. The analogy of these 
distributions is plotted using gaussian curve or equation. The gaussian-esque profile has been 
achieved by putting appropriate values of mean value and standard deviation.  
 
 
 
 
 
 
In the Fig. 4, the distribution is between frequency and the surface areas of each droplet, 
obtained using a method similar to the one used above. Therefore, Fig. 4 draws a parallel 
Turbulence Speeds(m/s) Observed luminosity at 
0.80 m (lux) 
Percentage change (%) 
2.8 70 76.67 
7.2 103 65.67 
14.4 125 58.34 
Table 4. Variation of luminosity with turbulence 
Fig. 3. Variation of droplet sizes with turbulence 
  
between the empirically obtained distribution and the ideal gaussian distribution. The 
standard deviation calculated for low, medium and high turbulence speeds were found to be  
 
 
 
 
 
 
2.83, 3.01 and 3.188mm respectively. The droplet distributions obtained in the chamber are 
displayed in Fig. 5. The parameters are given in Table 5. Here, N is the scaling factor for 
gaussian curve to match with our results. It is taken as the number of particles per unit 
volume.  From the observation, the mean radius and standard deviation increases with 
turbulence or factors which are equivalent to turbulence. 
 
 
 
 
 
Fig. 4. Visualizing the Gaussian-curve properties of the droplet distribution at low, medium and 
high turbulence speeds. (Here x-axis is area of the droplets in mm2) 
Fig. 5. Droplet distributions obtained for High, Medium and Low Speeds 
  
 
 
 
The results of the size distribution and the effect of the turbulence are reconciled with 
reference data in [26], [27]. After Gaussian fits, the effect of the turbulence on standard 
deviation and mean value greatly matched with [26], [27]. The Gaussian fit was done in open 
accessible graphical calculator [28]. 
 
5 Conclusion 
The experiment and the designing of the cloud chamber was made with the purpose to 
provide a different approach to the construction of a miniaturized cloud chamber, so as to 
replicate basic atmospheric processes. From the tables and the figures obtained, it can be 
concluded sufficiently that the results have been achieved to a certain degree of accuracy, 
especially when we keep in mind the relatively simple design of the cloud chamber. The 
effect of turbulence on the temperature gradient is analysed in Fig. 2. This indicates that with 
changing the gradient by turbulence, the cloud’s dynamics are altered, mainly, parameters 
such as light attenuation and droplet size distribution are affected.  The observed change in 
the luminosity of the incident light due to scattering is given in the Table IV. This percentage 
change, however, is also dependent on wavelength, and light rays with smaller wavelengths 
will experience higher scattering, thus displaying a greater difference between the luminosity 
of the measured light, and the luminosity of the incident light. This variation is minimum 
when turbulence is 14.4 m/s, however, it does not indicate that the source should get 
progressively luminous with turbulence as the speed is increased beyond 14.4 m/s. This 
concludes that turbulence makes the atmosphere in such dynamic that the probability of the 
scattering of light reduced because of the random motion of the system. Also, the droplet 
distribution graph tells us about the maximum size of particles one can obtain when there is 
a specific amount of turbulence. The largest droplet sizes were obtained when turbulence at 
14.4 m/s. This is believed to happen because of an increased rate of collision-coalescence 
properties between two droplets. For this process too, there may be a threshold of turbulence 
speeds over which the droplet sizes begin to reduce, and disperse due to extreme, 
unfavourable turbulence speeds. Overall, the idea of the turbulence through air fan and 
cooling by dry ice makes the design very easy to simulate the atmospheric changes due to 
turbulence. Also, very few studies were found on light attenuation due to atmosphere, 
specifically for simulation in cloud chambers.  
 
 
6 Discussion and Future Scope 
In the present study, the setup was restricted to a simple cloud chamber for basic simulation 
of small droplet accumulation and to study the effects of turbulence on droplets distributions 
along with other parameters like temperature and humidity. In the experiment, the simple 
Speed N Mean radius (mm) Standard deviation 
(mm) 
Low 1310 3.39 2.83 
Medium 1120 3.83 3.01 
High 1580 3.91 3.18 
Table 5. Parameters of the Gaussian Profile 
  
way to generate the clouds is water vapor pressure and the temperature gradient. Using this 
concept and some instruments, the results are obtained.  The main variable parameter is the 
turbulence and it is defined in very simple way in this work. The mathematics of the 
turbulence such as the naiver stokes field equations have not been included. But the basic 
involvement of the turbulence through air fan provided the expected results, which have been 
shown to match results from similar previous studies [22], [26], [27]. The results showed that 
changes in luminosity of laser light was 76.67 %, 65.67 %, and 58.34 % at low, medium, and 
high speeds respectively. This indicated that with higher turbulence, the changes in the 
luminosity of light are reduced. The results show great matching of the trend with reference 
data. Also, the temperature gradient when transitioning between the upper and lower parts of 
the chamber is 29 C, 28.2 C, 27 C at low, medium, and high speed, respectively. The 
gradient of temperature also increases with decreasing fan speeds. This displays a property 
of the cooling effects of the dry ice “scattering” at the lower levels as the turbulence is 
increased.  Meanwhile, the temperature at the upper part of the cloud chamber decreases with 
fan speed. The changes of these parameters are unidirectional with respect to a constant fan 
speed. Also, the droplet size distribution for the different cases of turbulence intensity have 
been analysed. Many techniques are used for the droplet size distribution such as the use of 
a Disdrometer, but here, a high-resolution camera is used to capture the miniature droplets 
inside the chamber. The taken pictures for different turbulent intensity, the size of the droplets 
and their concentration are analysed through scientific tools. The Gaussian fit with of these 
results gives the exact idea on effects of turbulence on the distribution’s mean value and 
standard deviation. There are many mathematical models regarding the droplet size 
distribution for the clouds. Many distributions like log-normal and Gaussian are obtained 
during the observations. These distributions depend on the cloud’s temperature. Based on 
that, the fitting of the Gaussian profiles for the different turbulent intensity are successfully 
created. The atmosphere inside the chamber is inhomogeneous and contains aerosols. This 
allows for nucleation of droplets around these aerosols, which primarily include dust particles 
and other, smaller water droplets due to the moisture inside the chamber. While the current 
experiment acknowledges the presence of such aerosols inside the chamber, it is not possible 
to control them using the current setup and mechanism. This points to the future scope of 
more refined cloud chambers, involving the simulation and effects of controlled aerosol 
injection inside the cloud chamber on the droplet accumulation at different fan speeds within 
the chamber. Additionally, mechanisms which control the fan speed to introduce turbulence 
variations inside the cloud chamber during the experiment can also be worked upon, thereby 
improving the quality of the observations. New ways of measuring the droplet sizes, 
turbulence source, and some advanced tools for the measurement are already in progress in 
this field but the variations of the particular parameters and its effect on the atmosphere could 
provide ground-breaking discoveries.  
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